Abstract. A method of obtaining test and training data sets has been developed. These sets are intended for training a static neural network to recognise individual and double defects in the air-gas path units of a gas-turbine engine. These data are obtained by using operational process parameters of the air-gas path of a bypass turbofan engine. The method allows sets that can project some changes in the technical conditions of a gas-turbine engine to be received, taking into account errors that occur in the measurement of the gas-dynamic parameters of the air-gas path. The operation of the engine in a wide range of modes should also be taken into account.
Introduction
A way to improve the efficiency and reliability of diagnosis when assessing the technical conditions of the air-gas path of a gas-turbine engine is analysis of the parameters of operational process by using neural networks. The functioning of neural networks is however impossible without implementing the following pre-state processes: training, testing and network verification. The peculiarity of a neural network is its possibility of overfitting (Signal … 1994; Advanced … 1995) . To solve this problem, the method of three sets of data can be used (Medvedev, Potiomkin 2002) .
Each of these sets should characterise the full behaviour of the object that is being diagnosed in the classes of technical conditions being considered, such as a functioning engine, malfunctions of an engine, and combinations of the structural units in case of operational malfunctions of two interconnected units. The question is how to obtain these sets. In fact, it is necessary to have 20-200 or more calculated points to train the network to recognise a class of a technical condition. Each point includes diagnostic information for the air-gas path of a gas-turbine engine. This information is related to one of the possible combinations of the functional characteristics of the air-gas path units. The process of obtaining this information in a real operation can also be long. According to previous research, the only real source of the required information can be the results of a numerical experiment by using a mathematical model of the operational process of a gas-turbine engine. The data of real defects (malfunctions) can be used for obtaining a validation set. This paper considers a method of obtaining test and training sets for a static neural network.
Determination of the technical conditions of a gas-turbine engine
When obtaining the data sets, we used a nonlinear mathematical model of the operational process (second level of complexity). The formal description of the individual components of the air-gas path of a gas-turbine engine (compressor, combustor chamber, etc.) can also be used for the nonlinear mathematical model of the operational process. During the experiment, the vector of the mode parameters of the model [R] is submitted to the input of a mathematical model of the operational process of an engine under a predetermined technical condition.
The output of the model is the desired parameters of the operational process obtained. The diagnostic parameters for training the network can be used as relative diagnostic deviations of these parameters:
where ∆ i P is the maximum measurement error of the first parameter; , T i i P P -values of the first parameter given for both a diagnosed gas-turbine engine and an average gas-turbine engine in the same mode and identical operating conditions:
where , a a T is the scale factors for the characteristics of the air-gas path units of a diagnosed gas-turbine engine and an average gas-turbine engine; mod f -a mathematical model of the engine.
Except for diagnostic deviations, a parameter characterising the operating conditions of a gas-turbine engine can be included in the set structure (revolutions per minute [rpm], for example). As an example of using this approach, the results received for the PS-90A aviation engine have been used (The engine … 1990). The parameters of diagnostic deviations that are measured in flight have been included in the data sets for this engine: rpm of a high pressure rotor n hp ; total pressure behind the fan P* fan ; total pressure behind the compressor Р* с ; temperature behind the compressor Т* с ; fuel consumption G f ; temperature behind the turbine T* t ; and the relation of total pressure behind the turbine to atmospheric pressure * t P . Besides those listed, the mode parameters of the model can be included in the set as well: rpm of the fan rotor n fan ; barometric height Н; Mach number of flight (M); and full temperature at the engine intake T* in . The essential influence on the values of diagnostic deviations is one of the main conditions for each of parameters to be included in the set.
Determination of the technical conditions of a gas-turbine engine during data set formation
The method of scaling gas-turbine engine unit characteristics has been used to receive the parameters of an engine with a varied air-gas path. For example, to receive the individual characteristic of the turbine, we can use the following formula:
where T1 T2 , ϕ ϕ is the characteristics of the turbine of an average gas-turbine engine; T Α -parameter of the turbine flow; λ UT -the resulting circumferential speed of the turbine; η * T π * T -efficiency and pressure at gradient degree in the turbine; , , , Since variation in the values of the selected pair of factors has considerable correlation in the degradation of the air-gas path, one parameter is accepted as the main one, and the other as an auxiliary one. Both the auxiliary scale and the main one have statistical convergence.
The values of additional scales for the classes are expressed as:
where ˆnorm f is the generator of random numbers that are under the normal law (the first parameter is a mathematical expectation, the second one is a standard deviation); К -a constant (in calculations it is accepted as К = 6). Since during malfunction turbine efficiency decreases while turbine flow increases, the value of the scale factor can be expressed as follows:
. It is accepted that simultaneous occurrence of defects in two units of the air-gas path is possible for a gas-turbine engine. If one defect occurs, we can call the class of technical conditions primary, and if two defects occur, the class of technical conditions can be called secondary. The training set that describes the operation of an engine during take-off (rpm of a rotor n lp = 4220 rpm) under standard atmospheric conditions is given in figure 1. With the use of these data, qualitative analysis of the possibility of recognising primary classes is carried out. The direction and the displacement degree of diagnostic deviations of 2-6 classes (points 21-120) are analysed in accordance with the relative deviations of a class lacking defects (points 1-20). All primary classes are well enough spaced in the area of diagnostic deviations and can be distinguished.
The test set can be determined in the same way under the other initial conditions of the pseudo-random number generator.
Determination of mode of operation of gasturbine engine under external conditions
Equation (1) or (2), as well as any other, can lead to a diagnostic deviation that depends on external conditions and the mode of operation of a gas-turbine engine.
All diagnostic modes should be equally presented to adequately distinguish the technical conditions of an engine. Then it is possible to receive the value of the first mode parameter of the model (n lp , Н, M, T* in ) according to the following expression:
where min max , j j R R is the minimum and maximum value of the first mode parameter in diagnostic modes.
To accept that diagnostics are done during the takeoff phase, then the value min max , j j R R is: -for n lp -100-2500 m above sea level (height of an airdrome location); -for M -0-0.5 (speed under initial rate of climb); -for T* in -238-313 К.
Determination of parameter measurement errors
Errors and mistakes of measurement are the last factors that should be taken into account during the determination of sets for training of a neural network.
To receive the parameters of formula (1) and (2) (in our case -n hp , Р* fan , Р* c , Т* c , G f , Т* t or * t P ), the following expression can be used:
where [ ] R is a vector of measurement results of mode parameters (in our example -n hp , Н, M, Т* in )
The resulting training set is given in figure 2 . The set is supposed to consider a mode of operation of a gas-turbine engine and parameter measurement errors. Tables 1 and 2 show the correlation between mode parameters and diagnostic deviations calculated by Equation (1) and (2). All the coefficients of correlation are less than 0.15. Thus, formula (1) gives smaller values of these coefficients. It specifies that mode parameters, in certain cases, may not be included in a set. This conclusion has been made by the results of mathematical modelling and should be compared with real flight data. If the objective is to train a neural network to reveal errors of measurement, it will be necessary to create a separate class in which all the classes of the technical condition are presented. Then each point of this class will have one or two parameters with an error of measurement more than ∆ i R or ∆ i P (i -parameter number):
Thus, the diagnostic deviations and the mode parameters calculated according to Eqs (1), (3), (4), and (5) are included in the training and test sets.
Conclusion
A method of obtaining test and training data sets has been developed. It is important to stress that these data are intended for training a static neural network to recognise individual and multiple defects in the air-gas path units of a gas-turbine engine. Developing a method to optimise the structure of a neural network and select the best methods of training will be the following phases of investigation.
